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comments, and participants remained engaged
throughout the session. We are planning a formal
evaluation of the training tool with the field epide-
miology training programs for Germany and Europe.
The exercise is a tool for building outbreak re-
sponse capacities and teaches the topic in an engaging
way. It can be used on its own or embedded as an ice
breaker into a field epidemiology curriculum for health
professionals or for school classes looking for health-re-
lated project work. Supported languages are German,
English, Russian, and French. Further translations and
adaptations are encouraged and will be referenced on
our web page (https:/ /www.disease-detectives.org).
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We investigated the epidemiology of cholera in Taiwan
during 2002—-2018. Vibrio cholerae sequence type (ST)
75 clone emerged in 2009 and has since become more
prevalent than the ST69 clone from a previous pandemic.
Closely related ST75 strains have emerged in 4 countries
and may now be widespread in Asia.

holera, an acute diarrheal disease caused by the

toxigenic Vibrio cholerae serogroup O1 and its
derivative serogroup O139, remains a severe pub-
lic health threat in some regions of the world (I).
Seven cholera pandemics have occurred in the past
200 years; the most recent, caused primarily by a
sequence type (ST) 69 V. cholerae clone, originated
in Indonesia in 1961 and remains ongoing (2,3). In
Taiwan, cholera appeared in 1962 and resulted in
383 cases and 24 deaths during a 3-month outbreak
(4). Cholera has been rare in Taiwan since the 1962
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Table. Distribution of cholera and sequence types of Vibrio cholerae isolates, Taiwan, 1962 and 2002-2018

Category 1962 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total
No.cases 383 2 1 1 2 1 0 1 3 5 3 5 7 4 10 9 2 7 63
No. 4 2 1 1 2 1 0 1 3 4 3 3 6 3 8 9 2 7 56
isolates
Sequence type
4 1 1 2 1 1 1 1 2 3 1 14
75 and 3 3 2 3 4 3 8 6 1 7 40
variants
723 2 2

outbreak; however, incidence has increased in re-
cent years. The average number of cholera cases
increased from 1.5 cases/year in 1991-2008 to 5.5
cases/ year in 2009-2018 (5).

For this study, we investigated the epidemi-
ology of cholera in Taiwan for 2002-2018 and the
source of V. cholerae strains in those cases. During
2002-2018, Taiwan reported 63 total cholera cases,
ranging from 0 to 10 cases per year (Table). Among
the patients, 62 were from Taiwan and 1 from Japan;
35 (55.6%) were male. Three (4.8%) patients were in
the <14 year age range, 37 (58.7%) in the 15-64 age
range, and 23 (36.5%) in the >65 age range. Nearly
all cases, 61, were sporadic; 2 were part of a family
cluster. Seven patients had traveled within the in-
cubation period (5 days) before onset of symptoms:
2 to Indonesia, 1 to Malaysia, 1 to Thailand, 2 to the
Philippines, and 1 to Vietnam.

Using pulsed-field gel electrophoresis (PFGE)
and whole-genome sequencing analysis, we charac-
terized 60 V. cholerae isolates: 4 recovered from pa-
tients of the 1962 cholera outbreak and 56 recovered
from patients during 2002-2018. Using PFGE, the 2
most prevalentisolates we identified were VcN09.014
(n = 25) and VcN09.012 (n = 7) (Appendix Figure 1,
https:/ /wwwnc.cdc.gov/EID/article/26/1/19-
0934-Appl.pdf). We compared those PFGE patterns
with those in the Vibrio cholerae database maintained
by the US Centers for Disease Control and Preven-
tion in 2016 and found no match for VcN09.014, but
we did find 11 isolates from Guam and the Philip-
pines that matched with VecN09.012 (identification
no. KZGN11.0102).

We identified 7 ST types for the 60 isolates: ST69
(18 isolates), ST723 (2 isolates), ST75 (35 isolates),
ST725 (1 isolate), ST726 (2 isolates), ST727 (1 isolates),
and ST728 (1 isolate). ST725, ST726, and ST728 are
single-locus variants and ST727 a double-locus vari-
ant of ST75. ST75 and its derivatives first appeared
in 2009 and subsequently become the most prevalent
types (Table). Among the 7 patients who had trav-
eled abroad, we found ST69 in those returning from
Thailand, the Philippines, and Malaysia; ST75 in the
person returning from Vietnam; and ST723 in those
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returning from Indonesia. We performed cluster
analyses on whole-genome single nucleotide poly-
morphism profiles for the 60 isolates, which revealed
4 distinct clades (Appendix Table, Figure 2). The fact
that a total of 5 isolates in clades 2 and 3 did not har-
bor the quinolone-resistant gene gnrVC4 suggests
that the resistance gene was introduced after the ST75
strains had emerged.

We compared core genome multilocus sequence
typing profiles of the 60 isolates with 5,048 genomes
in the National Center for Biotechnology Information
databases as of January 19, 2019. We found that the
38 isolates in clade 2 were closely related to 10 strains
from China (6), strain MS6 that was identified in Thai-
land in 2008 (7), and a UK strain recovered from a
traveler who returned from Thailand in 2017 (8) (Ap-
pendix Figure 3). Strains from the 2 isolates in clade
3 were distantly removed from strains in clade 2 and
those found near the US Gulf Coast (9,10) but more
closely related to a strain recovered in 2018 and an-
other strain from Russia. The ST75 strains from China
were recovered from well water, carriers, and pa-
tients during 2005-2014 (6). One ST75 strain in clade 2
was obtained from a Taiwanese person who returned
from Vietnam in 2015.

In summary, for most of recent history, chol-
era has been rare and primarily sporadic in Taiwan.
However, the per-year rate of cholera cases has in-
creased since 2009, concurrent with the emergence of
strains of the ST75 clone. Over this time, ST75 strains
have replaced ST69 as the most prevalent causative
agent of cholera in Taiwan. Because closely related
ST75 strains had been identified earlier in China and
2 other Southeast Asia countries, we believe our find-
ings indicate that the ST75 clone is spreading more
widely in Asia.
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Diabetes mellitus and hypertension are recognized risk
factors for severe clinical outcomes, including death, as-
sociated with Middle East respiratory syndrome corona-
virus infection. Among 32 virus-infected patients in Saudi
Arabia, severity of illness and frequency of death cor-
responded closely with presence of multiple and more
severe underlying conditions.

First described in 2012, infection with Middle East
respiratory syndrome coronavirus (MERS-CoV)
has been reported worldwide. More than 2,200 cases
have been reported to the World Health Organization,
and more than one third have resulted in death (1).

Certain underlying conditions, including diabe-
tes mellitus (DM), hypertension, chronic cardiac dis-
ease, and chronic renal disease, are recognized risk
factors for illness and death caused by infection with
MERS-CoV (2,3). We further explored this relation-
ship among MERS patients admitted to a referral
hospital in Riyadh, Saudi Arabia, during August 1,
2015-August 31, 2016. Enrollment criteria and data
collection methods have been described (4).

We considered persons with a medical history of
DM as having documented DM and persons with mul-
tiple recorded periods of hyperglycemia during hos-
pitalization as having possible DM (4). We similarly
identified patients with hypertension or chronic kidney
disease (CKD) by using documentation in the medi-
cal chart. We defined cardiovascular disease as having
documentation of coronary artery disease or a history of
heart failure or stroke. We considered patients with car-
diovascular disease or CKD to have chronic organ dam-
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Emergence of Vibrio cholerae O1
Sequence Type 75 in Taiwan

Appendix
Experimental Methods

Cholerainformation and bacterial isolates
We obtained the statistical, demographic, and epidemiologic information on cholera cases
in Taiwan from the databases of Taiwan National Infectious Disease Statistics System

(https://nidss.cdc.gov.tw/en/) and the National Notifiable Diseases of Surveillance System (1) of

the Taiwan Centers for Disease Control and V. cholerae isolates from the biobank section of
Taiwan Centers for Disease Control. A total of 60 isolates were obtained for the study, among
which 56 were recovered from cholera patients between 2002 and 2018 and 4 from patients of
the cholera outbreak that occurred in 1962 (2).

Pulsed-field gel electrophoresis and analysis

We used the PulseNet standardized pulsed-field gel electrophoresis (PFGE) protocol (3)
to characterize V. cholerae isolates, then analyzed PFGE patterns and performed clustering
analysis of PFGE patterns using tools provided by BioNumerics 7.6.3 (Applied Maths;
http://www.applied-maths.com.).

Whole-genome sequencing and sequence analysis

We conducted whole-genome sequencing of V. cholerae isolates using lllumina MiSeq
sequencing platform (Illumina Inc. USA) with MiSeq Reagent Kit v3 (2X 300 bp), assembled
sequence reads using the SPAdes assembler version 3.12.0 (http://cab.spbu.ru/software/spades/),
identified sequence types (STs) using the Vibrio cholerae core genome multilocus sequence

typing MLST database (https://pubmlst.org/vcholerae) and antimicrobial resistance genes using

the ResFinder tool of the Center for Genomic Epidemiology

(http://www.genomicepidemiology.org/).
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Construction of a whole genome single nucleotide polymorphism tree for V. cholerae strains from

Taiwan

We used BioNumerics version 7.6.3 to construct a minimal spanning tree with whole
genome single nucleotide polymorphism (wgSNP) profiles of V. cholerae strains. The sequences
of raw reads were mapped to the reference genomic sequence of V. cholerae strain N16961
(GenBank accession no. GCA_000006745.1) and the mapped sequences of strains and the
reference were aligned for SNP calling by using the option of strict SNP filtering (closed SNP
set). By using this SNP calling criteria, SNPs are called by removing positions with at least one
ambiguous base (non-ATGC base), one unreliable base (N), one gap and non-informative SNPs.
Each retained SNP position has minimum 5x coverage, at least covered once in both forward and
reverse direction. The minimum distance between retained SNP positions is 12 bp. A
dendrogram was constructed with the whole genome SNP profiles using the categorical (SNPs)
option for similarity coefficient and minimum spanning tree algorithm for cluster analysis.

Construction of a core genome multilocus sequence typing tree for V. cholerae strains from

Taiwan and NCBI database

We downloaded genomic sequences from the SRA and Assembly databases of the
National Center for Biotechnology Information (NCBI), assembled raw reads using the SPAdes
assembler version 3.12.0, and generated core genome multilocus sequence typing (cgMLST)
profiles (based on 2,951 core genes) using the in-house developed cgMLST Profiling tool in the
cgMLST@Taiwan Web service platform (https://rdvd.cdc.gov.tw/cgMLST) (unpublished). We
compared the cgMLST profiles of 60 isolates from Taiwan with those (5,048) from the NCBI

database and selected the most match profiles with the Taiwanese isolates to construct a
cgMLST genetic relatedness tree using the unweighted pair-group method with arithmetic means

algorithm.
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Appendix Table. Details of Vibrio cholerae strains from cholera cases in Taiwan, 2002-2018

Clade Sequence type Variants No. of isolates Resistance genes Country of origin
1 ST69 18 catB98 Taiwan, Thailand, Philippines,
Malaysia
2 ST75 ST725*, ST726%*, 38 gnrvc4’ Taiwan, Vietnam
ST728* ST727" (in 35 of 38 isolates)
3 ST75 2 None Taiwan
4 ST723 2* None Indonesia

*Single-locus variant
tDouble-locus variant
$Nontoxigenic

§Resistant to chloramphenicol
fResistant to quinolone
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Appendix Figure 1. Genetic relationships among 60 Vibrio cholerae isolates, with corresponding

information. The dendrogram was constructed using PFGE patterns and the single linkage algorithm

provided in BioNumerics software version 7.6.3, with settings of 1.5% optimization and 0.95% tolerance.
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Appendix Figure 2. A minimum spanning tree for 60 Vibrio cholerae isolates from Taiwan collected in

1962 and in 2002—-2018. The tree was constructed with whole genome single-nucleotide polymorphism

profiles comprising 20,639 SNPs.
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SAMNUBDE2352 SRRT7ULG07 R16.3423 2009 01_Ogawa 75 5
SAMNOA19GS70  SRA2738136 2j1336 2005 Ol naba 75 a

L samm099gzIse  SARTTIIE1 163425 2009 Olinaba 75 4
SAMNG9OEZ382  SRRT791642 R16.5187 2015 010gswa 75 4

. SAMNOBODE2IEL SRRT7O1630 R16.5186 2015 01_0Ogawa 75 A
SAMNOROREZ2A3 SRRT721641 R16.5188 2015 01 Ogawa 75 4
SAMNOS9BZISO  SRRT791S09 R16.3438 2011 01 0gawa 75 4
SAMMNO982355 SRRT791622 RL6.3427 2010 01_0gawa 75 4

- SAMN1IDSIE6S  SRRSGEBSZZ AL6.3443 2013 01 Ogawa 728 13
SAMNOA196974  SRR2738131 2j0926 2009 01.0gswa 75 3
SAMNO4A196973 SRR273BLI0D 2j0921 2009 01_0gawa 75 &
SAMNOA19G977 SRRZ73ELI ZJ0246 2009 01 Inaba 73 &
SAMNOAT96975 SRR2738137 710937 2009 01_Ogawa 75 7
SAMMO4196976  SRA2738133 20938 2009 o1 0gawa 75 3
SAMNIIDSIBES  SRRABGES21 RL6.4831 2018 Toiwan o10gawa 75 a
SAMN11053871 SRRBEEE514 R18.2414 2018 Taiwan 01 _Ogawa 75 o

L saMNososz3€l  SRRTF91597 RL63440 2012 Taiwan 010gawa 75 4
SAMNUDDE2ITI SRRT7U1G05 R16.3453 205 Talwan{Wietnam 01_Ogawa 75 A
SAMNO2982374 SRR7791592 RL6.3454 2015 Taiwan 01_0gawa 73 4
SAMN0O29E23T1 SRR7791620 R16.3451 2015 Taiwan 01_0Ogawa 75 a
SAMNOSSEZIE8  SRRT791617 AL6.3448 2014 Taiwan 01 0gswa 75 4
SAMMODOB2I72  SRRT791625 R16.3452 2005 Taiwan 0l0gawa 75 4
SAMN11053873 SRREGGES2E R1B.2631 2018 Taiwan 01_Ogawa 75 o
SAMN(29GE2344 SRR7721623 R16.3022 2016 Taiwan 01 Ogawa 75 a4
SAMMLIDS3BZ0  SRREGG517 RL8.2413 2018 Taiwan 01_0gawa 75 o
SAMMOSSBZIEE  SRRT791615 RLG.3445 2003 Tahwan 01 0gawa 75 a
SAMMNO419G872  SRR2738129 zjom7 2009 Crina ol ogawa 75 5
SAMNO4196971 SRR273E125 Z7j0911 2009 China 01 _Ogawa 75 7
SAMML1DS3B72 SHRBERES13 R18.2415 2018 Taiwan 01_Ogawa 75 o

— SAMNOA196278 SRAZ73BL3S Zj10014 2010 China 01 _Ogawa 73 7

— SAMDODDG1025 GO 0008292151 1S 2008 Thailand 01 Ogawa 75 a
SAMMOBS79236  SRR7062631 2017 Thailand o1 75 6
SAMNO4196970  SRA273B124 2)07619 2007 China 010gawa 75 4

- SAMNO9E2363 SRRT721618 R16.3440 2014 Taiwan 01 Ogawa 726 4

L saMmosoazass  SRR7791602 RL6.3428 2010 Taiwan 010gswa 126 4
SAMNL1D53EG3 SRRIGEES2D Cl5.0632 205 Talwan 01_0gawa 75 o
SAMNOSA2IS3  SRAT791G0B RLG.3424 2009 Taiman 01 Ogawa 725 5

|- seunosesren  suersises m16.2430 oo Taiwan o1oges B b
SAMMNO9OBZI45  SRRT791624 R16.3023 2016 Tatwan 0logawa 75 5

| SAMN11053B75 SRRAGGES26 R18.2633 201E Talwan 01_0Ogawa 75 o
SAMNS9E2386 SRR7791606 RL8.1640 2ms Taiwan 01 Ogawa 75 5
SAMMOSOB2IBA  SRR7791634 R17.6060 2017 Taiwan 01 0gawa 75 3
SAMN11053B74 SRRHE6B527 RL8.2632 2018 Talwan 01_0gawa s o
SAMNOSSR2370  SRRT791619 RLG.3450 2014 Taiman o1 ogawa 75 5

| SAMNO29E2343 SRRT721617 R16.3223 2016 Taiwan 01 Ogawa 75 5
SAMMOSBZI7S  SRRT791604 RL6.4298 2016 Taiwan 010gawa 75 5
SAMNODUB234E SRR7701611 RL6.3057 2016 Taiwan 01_0gawa 75 &
SAMNOBSE2IA3  SRAT791626 R16.2277 2016 Tuiman 01 0gowa 69 o
SAMMQ9982342  SRRT791603 R16.2076 2016 Tatwan 01 0gawa 69 o
SAMNO99B2341  SRRT791628 R16.2075 2016 Taiwan 01 0gawa 69 0
SAMNODDE23BS SRRT701633 RL7.6061 2017 Taiwan/Philippines 01_0gawa 6% 2

[ SAMNO2352646  GCA 001027505.1 PhvC-311 2011 Philigpines 6% 2
SAMMOZ352647  GCA 001027485.1 PhvC-326 2011 Philippines 69 2
SAMNO2352648  GCA_001027495.1 PhVE-5 2011 Philippines 69 1
SAMNIL174976  SRRE755238 R19.0132 2001 TatwanPrilippines 0logawa 69 o
SAMNOS9E?351 SRRTFI1610 R16.3421 2008 Taiwan 01_Ogawa 62 o

| SAMMOISEZIE2  SHAT?91596 RL6.3441 2013 Taiwan 010gawa 69 0
SAMNODODE2353 SRRT701505 R16.3442 2013 Taiwan 01 Ogawa 62 o

- SAMMNORS79114  SRR7062500 2015 Asian continent o1 69 o
SAMEABBO303  GCA_0D1259055.1 4113 2003 wiemam Olinaka 69 o
SAMEAZED3539 ERAS76951 VD11506 2001 Criina Olinaba &% 1
SAMN11053864 SRRB6GE51D RL6.3416 2005 Taiwan 01 Ogawa (3] 3
SAMNL1053860  SRRE6EBS1S R16,5185 2005 Taiwan 01.0gawa 69 1
SAMNL10SIB76  SRREGESS2S R18.2636 2003 Taivian/Thailand Olinaba 69 o
SAMEABBO305  GOA 012520751 a121 2001 Wiatnam 0logowa 69 o

[ SAMEAMDSTSST  ERRI485209 22116 2004 Thailand Olinaba 69 0
SAMEA4DSTS56  ERR14B5207 22115 2004 Thailand Olinaba 69 0
SAMEAZEGB34B ERR570085 147-CN 2002 01_Inaba 6% 4
SAMNOD1ZE732  GCA ODD166475.2 2010EL-1798 2010 01 Ogawa 6% o

[ SAMNODTE5529  GCA 0001664552 2010EL-1766 2010 01_0gaws 6% o
SAMNOD138733  GCA 0001664952  2000EL-1792 2010 o10grwa 69 1
SAMNO4ZEEDAD  SRA3020470 ICDCVCLIBS 2003 69 2
SAMNOA2E5893 SRR3020423 1CDC-VE2370 2007 6% 1
SAMMO4PEG008  SRR3020438 ICDCVC1662 2006 60 1
SAMMO4286000 SRR3020430 1ICDCVE2071 2005 69 3
SAMNO4286007 SRR3020437 ICDC-VC1999 2001 6% 3

- SAMM0AZE6015 SRR3020445 1CDC-VC1825 2006 69 1
SAMMO4205985  SRR3020418 ICDCVCLA48 2006 69 2
SAMNO4ZESDES  SRR3020416 Icocvez03s 2008 69 2

- SAMNO428GO1E SRRZ020440 1CDC-VCZ090 2007 6% 2
SAMNOA?E5985  SRR30I0415 1C0CVC4739 2007 69 3
SAMMO4286005  SRRI020435 ICDCVC4268 2008 69 1

- SAMNO4Z55954 SRR3020414 1CDC-VCA273 2008 68 3
SAMMO42B6010  SRR3020440 1CDC-VE3B1 2001 69 6
SAMNO4ZEEDA  SRRI020474 ICBEVCL275 2000 69 5
SAMNOI286022 SRR30204 52 ICDC-VCLAG4 2006 6% 2

- SAMNOA7BGD34  SRR3070464 1E0C-VE309 2002 69 6

| SAMNLLOSIHTT  SRRSEGS524 R18.2637 2006 o139 69 0
SAMNIIOSIETE  SRRABGES23 RL8.2638 2010 o139 69 o

SAMEALG3907183  ERR187962% CNRVCIE0976 1962 Papua New Guinea 69 0
SAMFALO3905533  ERR1B7O565 CNRYCI30061 1961 China 69 0
SAMNUBYEZITY SRRT7FU1637 R16.5176 1962 Talwan 01_0gawa 6% 1
SAMEABBOZ20 GCA_ 0012524951 ALE 1977 India 01 Inaba 6% o
-SAMFALOIS07I00  FRRIBTHGI0 CNRYCIELODS 1964 Pakistan 69 0
SAMEALO3506388 ERR1879604 CNRVCIB0800 1985 Iran 69 o
SAMEALOIO06384  ERALE79601 CNRYCIBOTES 1966 Irag 69 2

| SAMNOBYZ1B3B _003013485.1 2044 1966 Irag 6% o
SAMNORSE23T6 SRR7721636 RLG.5166 1962 Taiwan 01 Ogawa 6% o
SAMMO99B2377  SRRT791635 RL6,5167 1962 Taiwan 01.0gaws 69 o
SAMNOSOBZIB0  SRA7791640 L6517 1962 Tahwan 01 0gawa 69 0

. SAMNO4256431  GCA 001887435.1 €RCTLL 1964 India 69 o

SAMEALO390S530  ERR1B79562 CNRYCI30036 1962 India 69 0

SAMMO4256433  GCA_0D18B7455.1 CAC1106 1962 India 69 0

SAMNOI256420 Ell62 1962 China 6% o

SAMNO425G432 s 1057 Intfonesia 68 o

SAMEABBOII6  GCR_0D1255575.1 46 1957 Inconesia Olinaba 69 0

SAMNO4ZSE431  GCA ODIEBTS5S.1 £9120 1961 Ingonesia 69 o

SAMEA103305938 ERR1873583 CNRVCE50172 1969 Wietnam 6% o

SAMMOSOB2358  SRAT791600 R16.3431 2011 Taiwan/Malaysia 01 0gawa 6% 29

| SAMM11053BG7 SRREGEES1G RL6.5170 2002 TalwanfIndonesia 01_Ogawa 723 43

1 samn1i053m68 SRASG68515 RL6.5171 2002 Taiwan/Indonasia 01 Ogawa 723 a2

2700 2am0 nm 1m0 1500 1300 ana abn 200 3
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Appendix Figure 3. A genetic dendrogram for 60 Vibrio cholerae isolates collected in Taiwan and their
most closely related strains in the NCBI database. Three strains from the 2010 Haiti cholera outbreak
were included for comparison. The tree was constructed with cgMLST profiles using the unweighted pair-

group method with arithmetic means algorithm.
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